The effects of two drugs (chloramphenicol, actinomycin D) which inhibit protein synthesis on the nucleus of the dinoflagellate Gonyaulax monilata were examined. Chloramphenicol had no effect on the morphology of the nucleus but caused a diminution of cytoplasmic protein and a suppression of growth; it did not completely suppress mitosis. Treatment with actinomycin D resulted in the loss of chromosomal arrangement within the nucleus, the fraying of the edges of the nucleus and the loss of the nuclear ' band', and suppressed division. The results are thought to support the hypotheses that the matrix functions in maintaining nuclear morphology and that the 'band' is necessary for mitosis.
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S U M M A R Y
The effects of two drugs (chloramphenicol, actinomycin D) which inhibit protein synthesis on the nucleus of the dinoflagellate Gonyaulax monilata were examined. Chloramphenicol had no effect on the morphology of the nucleus but caused a diminution of cytoplasmic protein and a suppression of growth; it did not completely suppress mitosis. Treatment with actinomycin D resulted in the loss of chromosomal arrangement within the nucleus, the fraying of the edges of the nucleus and the loss of the nuclear ' band', and suppressed division. The results are thought to support the hypotheses that the matrix functions in maintaining nuclear morphology and that the 'band' is necessary for mitosis.
I N T R O D U C T I O N
In a previous paper (Chunosoff & Hirshfield, 1967 ) nuclear structure and division in the dinoflagellate Gonyaulax nzonilata were described. Between the arms of the shallow U-shaped nucleus is a band of material which, it was proposed, is similar to the 'central body' described by Dodge (1964) in G. tamarensis. During division, the band is a point of attachment for the chromosomes, suggesting that this band is a component of the mitotic apparatus. The band is composed of protein and possibly of RNA. As is the case with other dinoflagellates (Dodge, 1963 ) the chromosomes remain condensed throughout interphase. In G. monilata the chromosomes are arranged parallel to each other in a tightly packed bundle. A protein matrix pervades the nucleus and surrounds the individual chromosome. It was suggested that this matrix is a factor in maintaining the arrangement of chromosomes within the nucleus and, in the absence of a nuclear membrane, nuclear form. To test the hypotheses that the band is a component of the mitotic apparatus and that the matrix functions in maintaining nuclear morphology, the effects on the nucleus of two drugs, which inhibit protein synthesis, namely chloramphenicol and actinomycin D, were investigated.
M E T H O D S
The methods of growing Gonyaulax monilata, fixing and staining of whole organisms with alkaline fast green and according to the Feulgen technique, preparation and staining of extruded nuclei (nuclei removed from cells) and extraction of DNA with samples of 10-day stock cultures (this was during the period of rapid division) were distributed with sterile precautions in screw-capped tubes. The drugs were dissolved in culture medium in such concentrations that by adding 0.5 ml. of drug solution to the culture tubes final concentrations of chloramphenicol 32 ,ug./ml. and actinomycin D 2 pg./ml. were obtained. Control tubes were prepared by adding 0.5 ml. sterile medium. The tubes were incubated in a 12 hr light, 12 hr dark cycle for 96 hr. During this time the cultures were observed for division and counts were made. At the end of 96 hr the organisms were fixed and stained.
RESULTS

Normal nuclear morphology
In P1. I, fig. I the features of a normal interphase nucleus as described in the introduction are shown. The Feulgen-positive chromosomes are condensed and are parallel to each other. In this organism the alkaline fast-green positive band (arrow) extending between the arms of the nucleus had separated from the chromatin throughout most of its length and was attached to the chromosomes only at its ends. The protein matrix was obscured by the chromosomes.
Drug studies
Chloramphenicol caused a depression of growth of Gonyaulax monilata. The effect, however, was not primarily due to the inhibition of mitosis since some organisms in division were observed throughout the 96 hr of the experiment. Staining of extruded nuclei (Pl. I, fig. 2 ) and whole organisms showed that the protein matrix, the band and chromosomal morphology were unaltered by treatment with chloramphenicol. In many organisms a diminution of cytoplasmic protein was indicated by staining with alkaline fast green. In these organisms (PI. I , fig. 3 ) the protein matrix, plainly reflecting the pattern of the chromosomes, was clearly evident and not, as in control organisms, obscured by cytoplasmic protein.
Cultures treated with actinomycin D showed a slight increase in numbers of organisms within the first 48 hr and then a marked decrease. Unlike cultures treated with chloromaphenicol, no organisms in division were observed after the first 48 hr. Staining of extruded nuclei with alkaline fast green (Pl. I, fig. 4 ) indicated that no bands were present and that the protein matrix had lost its patterned appearance and was present as a homogeneous mass. Staining of whole organisms according to the Feulgen technique showed that the chromosomes had lost their parallel arrangement and were distinctly contorted (PI. I , fig. 5 ). Portions of chromosomes were seen to extend into the cytoplasm giving the edges of the nucleus an irregular appearance (Pl. I, fig. 5 ).
DISCUSSION
Chloramphenicol inhibits the synthesis of protein by interfering with the attachment of messenger RNA to the ribosomes (Rendi & Ochoa, 1962). As might be expected, chloramphenicol had the effect of decreasing the amount of cytoplasmic protein and depressing growth of Gonyaulax rnonilata. It did not eliminate the capacity of the organisms to divide and did not affect nuclear morphology. The band, the Eflects of drugs on Gonyaulax 283 matrix and the chromosomes remained intact. This suggests that the protein components of the nucleus (matrix and band) are not dependent on protein producedinthe cytoplasm for their maintenance.
Actinomycin D has two modes of action. It suppresses histone protein within the nucleus (Honig & Rabinovitz, 1966) and inhibits synthesis of DNA dependent RNA (Reich, Franklin, Shatkin & Tatum, 1962; Goldberg & Rabinowitz, 1962) . The fact that treatment with actinomycin D caused a loss of chromosomal orientation and a fraying of the edges of the nucleus tends to support the suggestion that the protein matrix is a factor in maintaining nuclear morphology. Also, the concomitant loss of the band and suppression of division is consistent with the suggestion that the presence of the band is necessary for division and that it may be a component of the mitotic apparatus. It would be interesting to determine which of the modes of action of actinomycin D caused the alteration of nuclear morphology, i.e. whether it was due to a direct effect on the protein or whether it was a secondary effect caused by the suppression of nuclear RNA. The latter possibility would suggest that the matrix and the band were synthesized in the nucleus itself.
This work was supported by a research grant (520-A) from the Damon Runyon Memorial Fund. Fig. I . A normal interphase organism stained according to the Feulgen technique and counterstained with alkaline fast green. x 1300. Fig. 2 . Extruded nucleus of a chloramphenicol-treated organism stained with alkaline fast green. The DNA had been extracted with trichloroacetic acid. The band is evident (arrow) and the protein matrix reflects the pattern of the chromosomes. x 1300. Fig. 3 . Chloramphenicol-treated organisms stained with alkaline fast green. The DNA has been removed with trichloroacetic acid. The matrix of the nucleus is visible in the lightly staining cytoplasm. x 1300. Fig. 4 . Extruded nucleus of an organism treated with actinomycin D stained with alkaline fast green. No band is present and the matrix has lost its patterned appearance. x 1300. Fig. 5 . Feulgen preparation of a whole organism treated with actinomycin D. The edges of the nucleus are irregular and the chromosomes have lost their orientation. x 1300.
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